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The vigorous development of  modern technology and automation 
of s c i e n t i f i c  r e s e a r c h  and product ion  processes  r e q u i r e s  more and 
more r e l i a b l e  opera t ion  of elements of c o n t r o l ,  r e g u l a t i o n ,  auto- 
mation and computer technology systems, i n  p a r t i c u l a r ,  p r e c i s i o n  
appara tus  when ac ted  on by e x t e r n a l  mechanical over loads  (shocks, 

f 
I v i b r a t i o n s ,  l i n e a r  a c c e l e r a t i o n s ) .  For s u c c e s s f u l  c o n t r o l  of  t h e s e  
i phenomena, as w e l l  as f o r  i n c r e a s e  i n  v i b r a t i o n  and shock s t r e n g t h  
i of appara tus ,  a deep understanding of t h e  dynamics o f  t h e  overloads 
F mentioned i s  necessary .  The most dangerous of a l l  p o s s i b l e  shock 
i processes  i n  t h i s  regard  a r e  impulsee, which, a s  a r u l e ,  have com- 

i plex  forms, wide-band s p e c t r a  and n e g l i g i b l e  d u r a t i o n .  Such pro- 
cesses  do not  y i e l d  t o  mathematical desc r ip t io l l ;  consequently,  / l o 4  
t h e i r  phys ica l  a c t i o n  on va r ious  microelements of p r e o i s i o n  r a d i o  
measurement appara tus  cannot be determined by t h i s  means. The 
s p e c t r a l  c h a r a c t e r i s t i c s  of complex impulse processes  can be 

1 determined by v i s u a l i z a t i o n  of t h e  a n a l y s i s  of t k e i r  scanned 
! 
i 

osci l lograms,  obta ined by means of a high-speed recorder .  

The ER-2 wide-spectrum 
d a t a ,  cathode ray  e l e c t r o s t a t i c  
r ecorder ,  a block diagram and out -  
ward appearance of which are shown 
i n  F igs .  1 and 2 ,  was s p e c i a l l y  
developed f o r  t h i s .  S p e c i a l  ! 

a t t e n t i o n  was given t o  p r e c i s i o n  -------- i n  r ecord ing  and t h e  q u a l i t y  of 
t h e  v i s u a l  image i n  development 
of t h e  r ecorder ,  s i n c e  they funda- 
mental ly determine t h e  p r e c i s i o n  I 

of an experiment.  f i 

t 
Eigh q u a l i t y  of  t h e  v i s u a l  I 

1 
image i s  guaranteed by a s p e c i a l l y  6 

developed dynamic b i a s  l i g h t i n g  5 
Fig .  1. Block diagram of ER-2 system. High frequency genera to r  D 

I 
cathode ray  e l e c t r o s t a t i c  1 i s  connected wi th  a dev ice  f o r  a 
r e c o r d e r  f i x i n g  t h e  d u r a t i o n  of r ecord ing  2 

and modulator 3 ,  which, I n  t u r n ,  
i s  connected wi th  d i f f e r e n t i a t i n g  a n ~ p l i f i e r  4 and, through high- 
frequency, high-voltage d i v i d i n g  t r ans fo rmer  5, d e t e c t o r  6 and 
video a m p l i f i e r  7 ,  i s  connected t o  t h e  cathode assembly of t h e  
cathode ray  tube  of e l e c t r o s t a t i c  r e c o r d e r  8, whlch i s  under 
high v o l t a g e  from source  9 ,  Recorded s i g n a l  a m p l i f i e r  10 ,  con- 
nected  wi th  d e f l e c t i o n  system 11 and d i f f e r e n t i a t i n g  a m p l i f i e r  4 ,  
a l s o  is  connected t o  t h e  device  f o r  f i x i n g  t h e  record ing  d u r a t i o n  2 



and time mark unit 12, Tn this manner, the signal being studied 
acts directly on the deflectfon of the recording tube beam and /lo5 - 
the beam current increases to the necessary value, at the moment 

4 and for the duration of recording, and it is recorded as a function 
of the speed with ~hich the recorded process takes place, Uniform 
thickness of the lines of the visual Image is guaranteed by this, I 

5 

over a wide speed range of rapidly-changing data. Simul- 1 
taneous recording of the zero line and time mark (or sampling : 

spacing) facilitates the elimination of.amplitude and time dis- g 

tortions, which appear, due to vibration of the mechanical scanner a I 
assembly. This is especially important in study of the dynamics 
of precision systems. 

The technical charac- 
teristics of the instrument 
are: maximum recording speed 
2000 m/sec; data 
carrier feed speed 
up to 100 m/sec; recorded 
signal frequecay range 0-50 
kHz; maximum image sweep 
100 mm; nonuniformity in 
line thickness, not more 
than 5% during measurement 
of the speed of flow of a 
process 100 times; recorded 
signal duration 0 0004-20 sec ; 
time for production of visual 

Fig. 2. External appearance of ER-2 image 60 sec. + 
electrostatic recorder. I 1 

The visualization of the pulse of an impact stand, obtained % 

by means of this recorder, was processed by a Silhouette type i 

automatic sampler and entered into the Minsk computer, for analysis 
according to the method presented. 

In this case, the most important parameters are the complex /lo6 4 
spectral density of the shock pulse, energy spectrum, effective - * 4 
pulse duration and effective spectrum width, respectively: 8 



*A r x 

A.f= [ [S(o)p do-  r [ [S (o)p  do. 
0 1. 

e is the fraction of the total pulse energy arriving during an 
interval of time. 

An analysis was made of the spectral density and energy 
spectrum as functions of the impact force, design of the stand 
and energy absorbed by the lining, rigidity of the base, etc. 
In this case, the solution was carried out according to these 
mechanical equations: 

h'. 
2 

bk= , , , r  f f iAt r )  sin k o , i .  
I 

! % At, is the sampling interval in sec and k = 50 ... 30,000 is the I 

frequency of the spectrum components. 1 

A fragment of a shock pulse and examples of the shock stand ! 
spectral density are shown in Fig. 3a and b. t 

I 
i 

It was determined during the investigation that shock stand /lo8 
pulses are random. ThereIore, the metkod presented is incomplete. 
The information obtained was statistically processed. 

i 



b 
Fig. 3. a: Fragment of shock stand pulse visualization. 

b: Spectral density of shock stand pulse, at various 
rigidities of the energy-absorbing lining. 
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